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CARBON MONOXIDE SELECTIVE OXIDIZING CATALYST AND 
MANUFACTURING METHOD FOR THE SAME 

INCORPORATION BY REFERENCE 
[0001] The disclosure of Japanese Patent Application No. 2001-060060 filed on 
March 5, 2001, including the specification, drawings and abstract is incorporated herein by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0002] The invention relates to carbon monoxide selective oxidizing catalysts that 
promote a reaction of oxidizing carbon monoxide by giving carbon monoxide priority over 
hydrogen and manufacturing methods for the same. 

2. Description of Related Art 

[0003] A reformed gas obtained by reforming gasoline or a hydrocarbon-based fuel 
such as natural gas or alcohol is employed as a hydrogen-rich fuel gas used in an 
electrochemical reaction in a fiiel cell. Such a reformed gas generally contains a certain 
amount of carbon monoxide. However, in a fuel cell provided with a platinum-based catalyst 
such as a proton-exchange membrane fuel cell, if the supplied gas contains carbon monoxide, 
the catalyst may be poisoned by carbon monoxide and the cell performance may deteriorate. 
Therefore, a carbon monoxide concentration reduction apparatus is employed to reduce the 
concentration of carbon monoxide contained in the reformed gas before the reformed gas is 
supplied to the fuel cell, thereby preventing the catalyst in the fuel cell from being poisoned 
by carbon monoxide. 

[0004] One of the reactions performed in the carbon monoxide concentration 
reduction apparatus is a carbon monoxide selective oxidizing reaction that oxidizes carbon 
monoxide by giving carbon monoxide priority over hydrogen. The oxidation reaction of 
carbon monoxide is represented by an equation I described below. 

CO + (l/2)0 2 -> C0 2 — I 

[0005] Various types of catalysts that promote such a carbon monoxide selective 
oxidizing reaction are known. For example, Japanese Patent Application Laid-Open 
Publication No. 1 1-347414 discloses a catalyst in which a platinum alloy is supported on a 
carrier including mordenite, a kind of zeolite. According to the art disclosed in this 
publication, the percentage of metals other than the platinum contained in the platinum alloy 
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is controlled to 20 to 50 atomic percent, thereby improving the performance of the carbon 
monoxide selective oxidizing catalyst. 

[0006] However, even in a case where the above-mentioned carbon monoxide 
selective oxidizing catalyst is used, the performance of reducing the concentration of the 
carbon monoxide contained in the fuel gas supplied to the fuel cell may be insufficient. 
Therefore, it is desired to obtain a carbon monoxide selective oxidizing catalyst with much 
superior performance of reducing the concentration of the carbon monoxide. 

[0007] Generally, activity of the reaction promoted by catalysts can be improved by 
increasing the reaction temperature. On the other hand, the above-mentioned carbon 
monoxide selective oxidizing reaction is to selectively oxidize an extremely small amount of 
carbon monoxide present in a large amount of hydrogen. Therefore, in general, as the 
reaction temperature becomes higher, the oxidizing reaction of hydrogen becomes more 
active, thereby decreasing the efficiency of reducing the carbon monoxide concentration. 
This results in a problem that the fuel utilization efficiency decreases. In addition, as the 
reaction temperature becomes higher, undesirable reactions (for example, a methanation 
reaction that methanates hydrogen) become more active to consume more hydrogen, in 
addition to the carbon monoxide selective oxidizing reaction. This causes a problem that the 
fuel utilization efficiency decreases. Therefore, to improve performance of the entire fuel 
cell system, it is desirable that the carbon monoxide selective oxidizing catalyst should 
achieve a higher carbon monoxide concentration reduction rate, provide higher selectivity in 
oxidizing carbon monoxide, and exhibit sufficient activity at lower temperatures. 

SUMMARY OF THE INVENTION 

[0008] One object of the invention is to provide a superior technology for reducing 
the concentration of carbon monoxide contained in a hydrogen-rich gas that contains carbon 
monoxide, like a reformed gas. 

[0009] A first aspect of the invention relates to a carbon monoxide selective 
oxidizing catalyst provided with a carrier which includes ferrierite or ZSM-5; and a metal 
component supported on the carrier and which includes platinum (Pt) alone or platinum (Pt) 
and at least one type of transition metal. This carbon monoxide selective oxidizing catalyst 
receives a supply of a hydrogen-rich gas containing carbon monoxide, and promotes a carbon 
monoxide selective oxidizing reaction that oxidizes the carbon monoxide by giving the 
carbon monoxide priority over hydrogen. 

[0010] A second aspect of the invention relates to a carbon monoxide selective 
oxidizing catalyst provided with a carrier whose maximum pore diameter ranges from 0.55 to 
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0,65 nanometers (nm); and a metal component supported on the carrier and which includes 
platinum (Pt) alone or platinum (Pt) and at least one type of transition metal. This carbon 
monoxide selective oxidizing catalyst receives a supply of a hydrogen-rich gas containing 
carbon monoxide and promotes a carbon monoxide selective oxidizing reaction that oxidizes 
the carbon monoxide by giving the carbon monoxide priority over hydrogen. 

[0011] A third aspect of the invention relates to a carbon monoxide selective 
oxidizing catalyst which receives a supply of a hydrogen-rich gas containing carbon 
monoxide, and promotes a carbon monoxide selective oxidizing reaction that oxidizes the 
carbon monoxide by giving the carbon monoxide priority over hydrogen. It is provided with 
a metal component that includes platinum (Pt) alone or platinum (Pt) and at least one type of 
transition metal. This carbon monoxide selective oxidizing catalyst achieves a carbon 
monoxide reduction rate of 90% or higher when it performs the carbon monoxide selective 
oxidizing reaction under conditions (a) through (c) described below: 

(a) The contents of components other than hydrogen in the hydrogen-rich gas are as 
follows: the carbon monoxide concentration is about 5000 ppm; the carbon dioxide 
concentration is about 25 % ; and the oxygen content is such that the molar ratio value 
between oxygen atoms and carbon monoxide molecules ([0]/[CO]) is 1. 

(b) The space velocity is about 22000h _1 when the hydrogen-rich gas is supplied onto 
the carbon monoxide selective oxidizing catalyst. 

(c) The reaction temperature is about 130°C. 

[0012] A molar ratio value between Y and Z ([Y]/[Z]) means the number of moles 
of Y for 1 mole of Z. 

[0013] A fourth aspect of the invention relates to a manufacturing method for a 
carbon monoxide selective oxidizing catalyst which receives a supply of a hydrogen-rich gas 
containing carbon monoxide, and promotes a carbon monoxide selective oxidizing reaction 
that oxidizes the carbon monoxide by giving the carbon monoxide priority over hydrogen. 
The manufacturing method includes the following processes (al) and (<x2): 

the process (al) prepares a carrier consisting essentially of one of ferrierite and ZSM- 

5; 

the process (a2) supports on the carrier prepared in process (al), a metal component 
that includes platinum (Pt) alone or platinum (Pt) and at least one type of transition metal. 

[0014] A fifth aspect of the invention relates to a manufacturing method for a 
carbon monoxide selective oxidizing catalyst which receives a supply of a hydrogen-rich gas 
containing carbon monoxide, and promotes a carbon monoxide selective oxidizing reaction 
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that oxidizes the carbon monoxide by giving the carbon monoxide priority over hydrogen. 
The manufacturing method includes the following processes ((31) and ((32): 

the process (pi) prepares a carrier whose maximum pore diameter ranges from 0.55 to 
0.65 nanometers (nm); 

the process (p2) supports on the carrier prepared in the process (pi), a metal 
component that includes platinum (Pt) alone or platinum (Pt) and at least one type of 
transition metal. 

[0015] According to the carbon monoxide selective oxidizing catalysts in the 
above-mentioned aspects of the invention, and the carbon monoxide selective oxidizing 
catalysts manufactured in the above-mentioned aspects of the invention, it is possible to 
achieve a higher carbon monoxide reduction rate when the carbon monoxide concentration in 
the hydrogen-rich gas is reduced. 

[0016] A sixth aspect of the invention relates to a carbon monoxide concentration 
reduction apparatus including a hydrogen-rich gas supply that supplies the hydrogen-rich gas; 
an oxygen supply that supplies oxygen used for oxidizing the carbon monoxide; the carbon 
monoxide selective oxidizing catalyst according to one of the first to the third aspect of the 
invention; and a carbon monoxide selective oxidizing reactor. The carbon monoxide 
selective oxidizing reactor includes the catalyst and receives a supply of the hydrogen-rich 
gas and the oxygen from the hydrogen-rich gas supply and the oxygen supply, respectively, 
and selectively oxidizes the carbon monoxide contained in the hydrogen-rich gas through the 
carbon monoxide selective oxidizing reaction. The carbon monoxide concentration reduction 
apparatus oxidizes the carbon monoxide contained in the hydrogen-rich gas, thereby reducing 
the carbon monoxide concentration in the hydrogen-rich gas. 

[0017] A seventh aspect of the invention relates to a fuel cell system provided with 
a fuel cell that receives a supply of a fuel gas containing hydrogen and an oxidizing gas 
containing oxygen to obtain an electromotive force through an electrochemical reaction. The 
fuel cell system is provided with a fuel gas supply that supplies the fuel gas to the fuel cell. 
The fuel gas supply is provided with the carbon monoxide concentration reduction apparatus 
according to the sixth aspect of the invention. The fuel gas supply supplies the fuel cell with 
a hydrogen-rich gas whose carbon monoxide concentration has been reduced as the fuel gas, 
by using the carbon monoxide concentration reduction apparatus. 

[0018] According to the carbon monoxide selective oxidizing catalysts in the 
above-mentioned aspects of the invention, and the carbon monoxide selective oxidizing 
catalysts manufactured in the above-mentioned aspects of the invention, it is possible to 
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achieve a higher carbon monoxide reduction rate when the carbon monoxide concentration in 
the hydrogen-rich gas is reduced. In addition, a carbon monoxide selective oxidizing catalyst 
may be manufactured by supporting a transition element on the carrier in addition to platinum 
(Pt). Such a carbon monoxide selective oxidizing catalyst can achieve a sufficiently high 
carbon monoxide reduction rate even when the reaction temperature of the carbon monoxide 
selective oxidizing reaction is set at a lower value. Since a high carbon monoxide reduction 
rate can be achieved even when the reaction temperature is set at a lower value, it is possible 
to perform the carbon monoxide selective oxidizing reaction at a temperature that can 
sufficiently suppress activity of undesirable reactions. This improves the efficiency of 
reducing the carbon monoxide concentration in the hydrogen-rich gas. Since the efficiency 
of reducing the carbon monoxide concentration is improved, it becomes possible to build a 
more compact apparatus provided with the carbon monoxide selective oxidizing catalyst. 

[0019] According to the above-mentioned aspects of the invention, it is possible to 
improve the selectivity in selectively oxidizing only the carbon monoxide when the carbon 
monoxide concentration in the hydrogen-rich gas is reduced, which improves the efficiency 
of reducing the carbon monoxide concentration in the hydrogen-rich gas. If the hydrogen- 
rich gas in which the carbon monoxide concentration is reduced using the carbon monoxide 
selective oxidizing catalyst is supplied to the fuel cell, the fuel cell catalyst can be prevented 
from being poisoned by carbon monoxide, and thus the cell performance can be maintained at 
a high level. 



[0020] The invention will be described in conjunction with the following drawings 
in which like reference numerals refer to similar elements and wherein: 

Fig. 1 is an explanatory diagram showing a configuration of a fuel cell system; 

Fig. 2 is an explanatory diagram showing a manufacturing process for the catalyst 
described in Example 1; 

Fig. 3 is a chart showing the results of experiments regarding the amount of carbon 
monoxide reduced by carbon monoxide selective oxidizing catalysts manufactured by using 
different types of carriers; 

Fig. 4 is a chart showing the results of experiments regarding the relationship between 
the pore diameter of the carrier of each catalyst and the maximum CO reduction rate achieved 
by each catalyst; 

Figs. 5 A to 5D are explanatory charts showing the results of experiments regarding 
the effects of supporting different types of transition metals in addition to platinum; 
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Figs, 6A to 6C are explanatory charts showing the results of experiments regarding 
the effects of supporting different types of transition metals in addition to platinum; 

Figs. 7 A to 7C are charts showing the results of a comparison regarding the 
temperature dependency of carbon monoxide oxidizing performance in different types of 
carbon monoxide selective oxidizing catalysts manufactured while changing the supported Fe . 
content; 

Figs. 8A to 8C are charts showing the results of a comparison regarding the 
temperature dependency of carbon monoxide oxidizing performance in different types of 
carbon monoxide selective oxidizing catalysts manufactured while changing the supported Fe 
content; 

Fig. 9 is a chart showing the results of a comparison regarding the performance in 
different types of carbon monoxide selective oxidizing catalysts manufactured while 
changing the supported Fe content; 

Figs. 10A to 10D are explanatory diagrams showing the results of a comparison 
regarding the temperature dependency of carbon monoxide oxidizing performance in 
different types of carbon monoxide selective oxidizing catalysts processed while changing 
the reduction processing temperature; 

Figs. 1 1 A to 1 ID are explanatory diagrams showing the results of a comparison 
regarding the temperature dependency of carbon monoxide oxidizing performance in 
different types of carbon monoxide selective oxidizing catalysts processed while changing 
the reduction processing temperature; 

Fig. 12 is an explanatory diagram showing the results of experiments regarding the 
effects of the reduction processing temperature; and 

Fig. 13 is a chart showing the results of experiments regarding the effects of the molar 
ratio between oxygen atoms and carbon monoxide molecules on the reduced amount of 
carbon monoxide. 

DETAILED DESCRIPTION QF PREFERRED EMBODIMENTS 

[0021] A carbon monoxide selective oxidizing catalyst according to a first 
embodiment of the invention is provided with a carrier which includes ferrierite or ZSM-5; 
and a metal component which includes platinum (Pt) alone or platinum (Pt) and at least one 
type of transition metal and which is supported on the carrier. Each of the ferrierite and 
ZSM-5 is a kind of zeolite which is a porous body having a number of pores in a 
predetermined size. Each of the atoms of zeolite forms a three-dimensional network structure 
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in which tetrahedrons share a vertex. A void formed in this three-dimensional network 
structure corresponds to a pore. 

[0022] When the carbon monoxide selective oxidizing catalyst is used to promote 
the carbon monoxide selective oxidizing reaction in the hydrogen-rich gas containing carbon 
monoxide, carbon monoxide and hydrogen move through the pores together with oxygen. At 
this time, if the size of the pore is within an appropriate range, hydrogen whose molecule is 
small moves through the pores quickly, while carbon monoxide and oxygen whose molecules 
are larger tend to stay in the pores (i.e., in the catalyst) for a longer period of time. As a 
result, it is considered that carbon monoxide becomes easier to oxidize selectively. Thus, it is 
considered that the size of the pore, particularly the value of the longest diameter in the pore, _ 
i.e., the maximum pore diameter is an important factor directly associated with the carbon 
monoxide selective oxidizing performance. 

[0023] According to the first embodiment, the size of the pore of ferrierite used as 
the carrier is 0.43 * 0.55 nm, for example, and the maximum pore diameter is 0.55 nm. The 
size of the pore of ZSM-5 is 0.54 * 0.54 nm, for example, and the maximum pore diameter is 
0.54 nm. For example, in the case of zeolite A, another type of zeolite, the pore diameter size 
varies depending on the type of exchange cation. For example, when the exchange cation is 
Na + , the pore size is 0.42 * 0.42 nm (the maximum pore diameter is 0.42 nm), and when the 
exchange cation is Ca 2+ , the pore size is 0.5 * 0.5 nm (the maximum pore diameter is 0.5 nm). 
In the case of mordenite, still another type of zeolite, the pore size is 0.67 * 0.70 (the 
maximum pore diameter is 0.7 nm). In the carrier (ferrierite, ZSM-5) of the carbon monoxide 
selective oxidizing catalyst according to the first embodiment, the pore has an appropriate 
size. Therefore, the catalyst achieves outstanding catalytic performance (a higher carbon 
monoxide reduction rate) as the carbon monoxide selective oxidizing catalyst. 

[0024] A carbon monoxide selective oxidizing catalyst according to a second 
embodiment of the invention is provided with a carrier having the maximum pore diameter of 
0.55 to 0.65 nanometers (nm); and a metal component which includes platinum (Pt) alone or 
platinum and at least one type of transition metal and which is supported on the carrier. By 
setting the maximum pore diameter so as to be in the above-mentioned range, the catalyst 
achieves superior catalytic performance (a higher carbon monoxide reduction rate) as the 
carbon monoxide selective oxidizing catalyst as mentioned above. 

[0025] According to the second embodiment, a carrier other than ferrierite and 
ZSM-5 can be used, but a solid acid is preferably used as the carrier. It is presumed that the 
electron density of Pt decreases on a surface of the carbon monoxide selective oxidizing 
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catalyst manufactured using a solid acid as the carrier, a bonding strength b e t\v e e n pt 
carbon monoxide is weakened, and Pt is bound with oxygen more easily. When the electron 
density of Pt decreases, electrons of Pt flow toward the carrier side as observed 
microscopically, and Pt assumes more positive charges. In general, carbon monoxide has 
high adsorptivity with respect to platinum. Therefore, a catalyst including platinum may be 
poisoned by carbon monoxide, and accordingly its catalytic performance may deteriorate. In 
the case where the carrier including a solid acid is used, however, it is considered that the 
bonding strength between Pt and carbon monoxide is weakened and accordingly the carbon 
monoxide selective oxidizing catalyst can be prevented from being poisoned by carbon 
monoxide. Moreover, it is considered that Pt is bound with oxygen more easily, and 
accordingly the carbon monoxide selective oxidizing reaction can be further promoted. The 
above-mentioned zeolite is also a kind of solid acid. 

[0026] In the first and the second embodiments, as the transition metal supported on 
the carrier together with Pt, one or two or more types of metals are preferably selected from 
the group consisting of iron (Fe), nickel (Ni), cobalt (Co), manganese (Mn), copper (Cu), 
ruthenium (Ru), chromium (Cr), palladium (Pd), rhodium (Rh), and iridium (Ir). 

[0027] Supporting a transition metal together with Pt increases the carbon 
monoxide reduction rate. One of the reasons is thought to be that when a transition metal is 
supported on a carrier constructed using a solid acid, the electron density of the transition 
metal decreases. In other words, it is presumed that the transition metal assumes more 
positive charges on the carrier including solid acid when electrons flow toward the carrier 
side as observed microscopically, and accordingly the electron density thereof decreases. A 
method called X-ray photoelectron spectroscopy (XPS) may be used to measure binding 
energy of electrons, thereby determining the electron density. In an example to be described 
later, the XPS was applied to ascertain that there was a drop in electron density of the 
transition metal (not shown). As mentioned above, it is presumed that when electron density 
decreases, the metal is bound with oxygen more easily. It is therefore considered that when 
there is a transition metal whose electron density has decreased near Pt, more oxygen 
required for oxidizing carbon monoxide tends to be supplied to Pt that exhibits actual 
catalytic activity, thereby promoting the carbon monoxide selective oxidizing reaction. To 
obtain the effect of facilitating the supply of oxygen to Pt more sufficiently, it is desirable 
that the transition metal supported together with Pt should have the property of being 
oxidized more easily and forming a stable oxide more easily. For this reason, the transition 
metal is preferably selected from the group described above. 
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[0028] When supporting the transition metal together with Pt on the earner, a t or 
the transition metal may be the first to be supported, or both may be supported at the same 
time. As the supporting method, various common methods including an ion exchange 
method or an impregnation method may be used. It is also possible to positively make an 
alloy of Pt and the above-mentioned transition metal to be supported on the carrier. In 
addition, as the above-mentioned transition metal, one type of metal, or two or more types of 
metals may be used. 

[0029] By using the carbon monoxide selective oxidizing catalyst that supports the 
transition metal together with Pt on the carrier, a higher carbon monoxide reduction rate is 
achieved. In addition, the carbon monoxide reduction rate can be improved in a wide 
temperature range, particularly in a low temperature range of 200° C or lower. Since the 
carbon monoxide reduction rate is improved in the lower temperature range, it becomes 
possible to perform carbon monoxide selective oxidizing reaction at a low temperature at 
which the activity of undesirable reactions such as a reverse shift reaction and a methanation 
reaction is sufficiently low. 

[0030] The reverse shift reaction refers to a reaction in which carbon monoxide and 
water are produced from carbon dioxide and hydrogen. This reaction can proceed in an 
environment where the carbon monoxide selective oxidizing reaction proceeds. When the 
activity of the reverse shift reaction becomes high, there arise problems that reduction of the 
carbon monoxide concentration is inhibited and hydrogen is consumed. Since the reverse 
shift reaction has a characteristic that the activity becomes higher as the temperature becomes 
higher, the reverse shift reaction can be suppressed by performing the carbon monoxide 
selective oxidizing reaction at a lower temperature. The reverse shift reaction is represented 
by an equation n described below. 

H 2 + co 2 — > CO + h 2 o —n 

[0031] The methanation reaction is a reaction in which methane is produced from 
hydrogen, and thus hydrogen is consumed. As the temperature becomes higher when the 
carbon monoxide, selective oxidizing reaction proceeds, undesirable reactions such as the 
methanation reaction proceed more easily. By performing the carbon monoxide selective 
oxidizing reaction in a temperature range in which the activity of such undesirable reactions 
is sufficiently low (for example, 100 to 180°C, preferably 100 to 150° C), it becomes possible 
to improve the efficiency of obtaining a hydrogen-rich gas of high purity. 

[0032] If iron (Fe) is used as the transition metal supported together with Pt on the 
carrier in manufacturing a carbon monoxide selective oxidizing catalyst, the molar ratio value 
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between the platinum content in a solution used for supporting the platinum on the carrier and 
the iron content in a solution used for supporting the iron on the earner ([Pt]/[Fe]) is 
preferably 1.5 to 7.5, and more preferably 2 to 6, and most preferably about 4. 

[0033] By setting the molar ratio value between platinum and iron to the above- 
mentioned value, the carbon monoxide reduction rate can be improved in a lower temperature 
range. Therefore, it is possible to perform the carbon monoxide selective oxidizing reaction 
in a temperature range in which the activity of the above-mentioned undesirable reactions is 
sufficiently low, thereby improving the efficiency of obtaining the hydrogen-rich gas of high 
purity. 

[0034] When manufacturing the carbon monoxide selective oxidizing catalyst, the 
carbon monoxide selective oxidizing catalyst is preferably subjected to a reduction 
processing after the metal component has been supported on the carrier and before the 
catalyst is used for promoting the carbon monoxide selective oxidizing reaction. It is 
preferable that the reduction processing be performed at a temperature higher than the 
reaction temperature when the carbon monoxide reduction apparatus is used. When the 
carbon monoxide reduction apparatus is used, the reaction temperature may be the 
temperature of the hydrogen-rich gas used for the carbon monoxide selective oxidizing 
reaction (that is, the temperature of an incoming gas when a hydrogen-rich gas is supplied to 
the carbon monoxide reduction apparatus). Alternatively, the reduction processing 
temperature is preferably set at 150 to 370° C, and more preferably at 150 to 350° C. 

[0035] Performing the reduction processing at such temperature ranges greatly 
contributes to ensuring good catalytic performance in a temperature range in which the 
activity of undesirable reactions that can proceed with the carbon monoxide selective 
oxidizing reaction is sufficiently low (for example, 100 to 180°C). If the reduction 
processing temperature exceeds 400° C, it is considered that the deterioration of the carrier, 
i.e., zeolite or the deterioration of the catalyst resulting from sintering of Pt progresses. 

[0036] When manufacturing the carbon monoxide selective oxidizing catalyst, the 
metal component (Pt and transition metals) is generally subjected to calcination after having 
been supported on the carrier. Owing to calcination, almost the entire portion of the metal 
component on the carrier is oxidized. The reduction processing is a processing for reducing 
the metal which has been oxidized as described above to obtain catalytic performance. In the 
case where a catalyst which has not been subjected to the reduction processing is used, when 
the hydrogen-rich gas used in the carbon monoxide selective oxidizing reaction is supplied to 
the catalyst, it is considered that the reduction processing proceeds gradually according to the 
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temperature of the carbon monoxide selective oxidizing catalyst at that time, the reduction of 
the metal component is performed to a certain degree according to the temperature of the 
catalyst. As mentioned above, however, it is preferable that the carbon monoxide selective 
oxidizing reaction be performed at a sufficiently low temperature of 100 to 180°C, preferably 
at about 100 to 150° C, in order to improve the efficiency of the carbon monoxide selective 
oxidizing reaction, while suppressing undesirable reactions. Therefore, by performing the 
reduction processing in advance at a temperature sufficiently higher than the reaction 
temperature, it becomes possible to obtain sufficiently high catalytic activity from the 
beginning of the carbon monoxide selective oxidizing reaction. If the temperature of the 
reduction processing is set at 150°C or higher, the metal oxidized through calcination on the 
carrier can be sufficiently reduced. The period of time for the reduction processing may be 
set appropriately according to the shapie and size of the carbon monoxide selective oxidizing 
catalyst so as to ensure that the entire portion of the catalyst is reduced. 

[0037] The carbon monoxide selective oxidizing catalyst according to a third 
embodiment of the invention is provided with a metal component including platinum (Pt) 
alone or platinum and a predetermined transition metal. This carbon monoxide selective 
oxidizing catalyst achieves a carbon monoxide reduction rate of 90% or higher when the 
carbon monoxide selective oxidizing reaction of the hydrogen-rich gas is performed under the 
following conditions (a) through (c): 

(a) The contents of components other than hydrogen in the hydrogen-rich gas are as 
follows: the carbon monoxide concentration is about 5000 ppm; the carbon dioxide 
concentration is about 25 % ; and the oxygen content is such that the molar ratio value 
between oxygen atoms and carbon monoxide molecules ([0]/[CO]) is 1. 

(b) The space velocity is about 22000h _1 when the hydrogen-rich gas is supplied onto 
the carbon monoxide selective oxidizing catalyst. 

(c) The carbon monoxide selective oxidizing reaction proceeds at 130°C. 
[0038] Preferably, the catalyst achieving the carbon monoxide reduction rate of 

98% or higher is obtained when the carbon monoxide selective oxidizing reaction is 
performed under the conditions of (a) through (c). 

[0039] Ideally, the carbon monoxide selective oxidizing reaction should be a 
reaction in which only carbon monoxide is selectively oxidized with no portions of the 
hydrogen-rich gas being oxidized. In such an ideal selective oxidizing reaction, the carbon 
monoxide is completely oxidized if the molar ratio value between oxygen atoms and carbon 
monoxide molecules ([0]/[CO]) in the supplied hydrogen-rich gas is 1. Therefore, as the 



12 TFN010217 

carbon monoxide reduction rate becomes higher when the molar ratio value between oxygen 
atoms and carbon monoxide molecules ([0]/[CO]) is 1, the selectivity in selectively oxidizing 
only carbon monoxide becomes more excellent. As the percentage of the oxygen content 
with respect to the carbon monoxide content becomes higher, the carbon monoxide of the 
hydrogen-rich gas is oxidized more easily. Thus, the carbon monoxide reduction rate is 
improved. However, as the amount of supplied oxygen becomes larger, the hydrogen is also 
oxidized more easily. Therefore, it is preferable that a sufficient carbon monoxide reduction 
rate be achieved in a condition in which the molar ratio value between oxygen atoms and 
carbon monoxide molecules ([0]/[CO]) is close to 1. 

[0040] The carbon monoxide selective oxidizing catalysts according the first to 
third embodiments can be employed for reducing the carbon monoxide concentration in the 
fuel gas supplied to the fuel cell. Hereinafter, a fuel cell system provided with a fuel 
reformer that employs a carbon monoxide selective oxidizing catalyst according these 
embodiments will be described. Any one of the carbon monoxide selective oxidizing 
catalysts according the first to third embodiments may be used as the carbon monoxide 
selective oxidizing catalyst. Fig. 1 is an explanatory diagram showing a schematic 
configuration of a fuel cell system provided with such a fuel reformer. This system is 
provided with a fuel cell 18 and a fuel reformer that generates fuel gas supplied thereto. The 
fiiel reformer generates hydrogen by reforming a predetermined raw fuel. The fuel reformer 
is mainly composed of a reforming portion 10, a cooler 12, a shift portion 14, and a CO 
oxidizing portion 16. The raw fuel may be appropriately chosen from among hydrocarbons 
including natural gas and gasoline, alcohol including methanol, and hydrocarbon-based fuels 
such as ether and aldehyde. 

[0041] In the reforming portion 10, these raw fuels are used with steam and air in a 
reaction called the steam reforming reaction or partial oxidation reaction to generate a 
hydrogen-rich gas containing carbon monoxide. The reforming portion 10 according to the 
embodiment functions as a hydrogen-rich gas supply apparatus. The hydrogen-rich gas 
generated through the reaction is supplied to the shift portion 14 and the CO oxidizing 
portion 16 in order to reduce the carbon monoxide concentration. Each of the reforming 
portion 10, shift portion 14, and the CO oxidizing portion 16 is provided with a catalyst that 
promotes a reaction proceeding therein. The internal temperature is controlled so as to be an 
appropriate reaction temperature according to the catalyst. For example, if gasoline is used as 
the raw fuel, the reforming reaction is performed under a temperature condition of about 
900° C, but a shift reaction promoted by a shift catalyst is performed under a temperature 
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condition of about 200 to 300° C. Therefore, in the system shown in Fig. 1, the hydrogen-rich 
gas generated in the reforming portion 10 is cooled in the cooler 12 before being supplied to 
the shift portion 14. 

[0042] The shift portion 14 receives the supply of the hydrogen -rich gas from the 
cooler 12 and allows the shift reaction to proceed. The shift reaction produces hydrogen and 
carbon dioxide from carbon monoxide and water. Thus, the concentration of carbon 
monoxide in the hydrogen-rich gas is reduced. The hydrogen-rich gas, whose carbon 
monoxide concentration has been reduced by the shift portion 14, is supplied to the CO 
oxidizing portion 16. The CO oxidizing portion 16, which reduces the carbon monoxide 
concentration even further, is provided with one of the carbon monoxide selective oxidizing 
catalysts according to the first to third embodiments to allow the carbon monoxide selective 
oxidizing reaction to proceed. The CO oxidizing portion 16 may be configured into a 
container packed with a catalyst formed into pellets or a container housing a honeycomb tube 
coated with the catalyst. In addition, the CO oxidizing portion 16 is also provided with the 
blower 22 that supplies the CO oxidizing portion 16 with compressed air. Oxygen contained 
in the compressed air supplied by the blower 22 is used in the carbon monoxide selective 
oxidizing reaction. The hydrogen-rich gas, whose carbon monoxide concentration has been 
sufficiently reduced in this manner, is supplied as a fuel gas to an anode side of the fuel cell 
18 to be used in electrochemical reactions. A blower 24 is connected to a cathode side of the 
fuel cell 18, and supplies air as an oxidizing gas. 

[0043] In such a fuel cell system, the CO oxidizing portion 16 is provided with one 
of the carbon monoxide selective oxidizing catalysts according the first to third embodiments 
so as to ensure sufficiently high activity of the carbon monoxide selective oxidizing reaction. 
Therefore, the CO oxidizing portion 16 can be made more compact, and thus the entire 
system can be made more compact. Moreover, since the activity of the carbon monoxide 
selective oxidizing reaction is high, the concentration of carbon monoxide contained in the 
fuel gas supplied to the fuel cell .18 can be made sufficiently low. Accordingly, it is possible 
to sufficiently prevent the performance of the fuel cell 18 from deteriorating as a result of the 
catalyst being poisoned by carbon monoxide. 

[0044] Furthermore, by using one of the carbon monoxide selective oxidizing 
catalysts according the first to third embodiments, the temperature range in which the carbon 
monoxide concentration can be sufficiently reduced is expanded. As a result, it is possible to 
stably reduce the carbon monoxide concentration even when the internal temperatures of the 
CO oxidizing portion 16 fluctuates. More specifically, for example, even if the magnitude of 
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load connected to the fuel cell 18 fluctuates to vary the amount of gas processed by the CO 
oxidizing portion 16 (i.e., the amount of supplied hydrogen-rich gas), and accordingly the 
internal temperature of the CO oxidizing portion 16 increases and decreases (i.e., fluctuates), 
the carbon monoxide concentration can be reduced more stably. 

[0045] In addition, by using one of the carbon monoxide selective oxidizing 
catalysts according the first to third embodiments, sufficiently high activity of the shift 
reaction can be ensured even under temperature conditions in which the activity of 
undesirable reactions is sufficiently low (for example, 100 to 180°C). Therefore, it becomes 
possible to improve the overall efficiency of generating hydrogen from the raw fuel. 
Moreover, since the carbon monoxide selective oxidizing catalyst according the embodiment 
exhibits sufficiently high activity at a lower temperature, the time required for warming up 
the CO oxidizing portion 16 can be made shorter. When the fuel cell system is started, it is 
important that the reforming portion 10, the shift portion 14, and the CO oxidizing portion 16 
be warmed to a temperature high enough for the reactions to take place in the reforming 
portion 10, the shift portion 14, and the CO oxidizing portion 16, and ideal reaction 
temperatures can be reached in the reforming portion 10, the shift portion 14, and the CO 
oxidizing portion 16 as soon as possible. During such startup processes, the CO oxidizing 
portion 16 is generally warmed by a high temperature gas supplied from an upstream side. 
However, since the carbon monoxide selective oxidizing catalyst is capable of promoting the 
carbon monoxide selective oxidizing reaction under lower temperature conditions, the carbon 
monoxide selective oxidizing reaction, that is, an exothermic reaction, proceeds in the CO 
oxidizing portion 16 under lower temperature conditions. Therefore, it becomes possible to 
shorten the starting time further. 

[0046] It is to be understood that the invention is not limited to the first to third 
embodiments and that various changes and modifications may be made in the first to third 
embodiments without departing from the spirit and scope thereof. A carbon monoxide 
selective oxidizing catalyst according to a modified embodiment may be applied to the fuel 
reformer. In addition, a fuel cell system provided with this fuel reformer may be constructed. 
(A) Examples 1,2: 

[0047] In Examples 1 and 2, a carrier including ferrierite or ZSM-5 was used in a 
carbon monoxide selective oxidizing catalyst provided with Pt. The carbon monoxide 
selective oxidizing catalysts (1) to (7) described below were compared in terms of catalytic 
performance. The catalysts (1) to (7) are listed in ascending order in terms of the pore 
diameter in the carrier. 
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[0048] (1) Comparative Example 1: A catalyst in which Pt was supported on an A- 
type zeolite carrier [Pt (3 wt%)/A]; 

(2) Example 1 : A catalyst in which Pt was supported on a ferrierite carrier [Pt (3 
wt%)/Fer]; 

(3) Example 2: A catalyst in which Pt was supported on a ZSM-5 carrier [Pt (3 
wt%)/ZSM-5]; 

(4) Comparative Example 2: A catalyst in which Pt was supported on a mordenite 
carrier [Pt (3 wt%)/Mor]; 

(5) Comparative Example 3: A catalyst in which Pt was supported on a zeolite p 
carrier [Pt (3 wt%)/p]; 

(6) Comparative Example 4: A catalyst in which Pt was supported on a USY-zeolite 
carrier [Pt (3 wt%)/USY]; 

(7) Comparative Example 5: A catalyst in which Pt was supported on an A1 2 0 3 carrier 
[Pt (3 wt%)/Al 2 0 3 ]. 

[0049] In each of the catalysts (1) to (7), the Pt content was equivalent to 3 % of the 
carrier weight as indicated above. Each of the catalysts (1) to (7) was formed into a pellet. 
The pellet was packed in a reactor of a predetermined size and the carbon monoxide 
reduction rate (CO reduction rate) was measured for evaluation of catalytic performance. 

[0050] Fig. 2 is an explanatory diagram showing the manufacturing process of the 
catalyst (2) in Example 1 . In this example, the catalyst was manufactured using the known 
ion exchange method. First, a pellet including ferrierite was prepared as the catalyst carrier 
(step S100). In the example, a pellet measuring about 0.5 x 1.5 mm was used. The pellet 
was then soaked in a solution that contains hexaammineplatinum hydroxide salt equivalent to 
3 % of the weight of the pellet in terms of Pt. Ion exchange was performed between cations 
of ferrierite and Pt ions in the platinum salt solution so that Pt was supported on the pellet 
(step SI 10). Then, the pellet was dried for 2 hours or more at 120°C in air (step S120), 
calcined for 1 hour at 250° C (step SI 30), and was further subjected to a reduction processing 
for 2 hours at 300° C in a hydrogen air stream (step SI 40) to obtain the catalyst (2). 

[0051] Other catalysts were manufactured using the same procedure as that for the 
catalyst (2) in Example 1. For the catalysts (1) and (3) to (6), a pellet including A-type 
zeolite, a pellet including ZSM-5, a pellet including mordenite, a pellet including zeolite P, 
and a pellet including USY-zeolite were prepared, respectively, instead of the pellet including 
ferrierite in step SI 00. The same processings as those in steps SI 10 through S140 of the 
manufacturing process shown in Fig. 2 were then performed. Thus, Pt was supported as in 
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the catalyst (2) to manufacture each catalyst. When the catalyst (7) was manufactured, a 
pellet including aluminum oxide (A1 2 0 3 ) was used, and instead of the above-mentioned ion 
exchange method, the known impregnation method was used. That is, the aluminum oxide 
pellet was soaked in a dinitrodiamineplatinum nitrate solution equivalent to 3 % of the weight 
of the pellet in terms of Pt to impregnate the pellet with platinum salt. Then, drying, 
calcination, and reduction processing were performed as in the ion exchange method. 

[0052] A test gas of the following composition was supplied to a reactor in which 
each catalyst manufactured in this manner was packed. Then, the CO reduction rate was 
measured under the following conditions. Fig. 3 shows the results of the measurement. 

[0053] Condition A. Test gas composition: 

CO = 0.5%,CO 2 = 25%; 

Oxygen content (molar ratio) ... [0]/[CO] = 3; 

H 2 balance (the remainder in the above gas composition was hydrogen). 
[0054] Condition B. Space velocity SV = 68,000h 1 

[0055] The carbon monoxide concentration (CO concentration) in an exhaust gas 
discharged from the reactor was measured, while increasing the incoming gas temperature 
(the temperature of the test gas supplied to the reactor in which each catalyst was packed) 
sequentially from the room temperature to 300° C. The test gas composition was set based on 
the composition of a typical reformed gas. 

[0056] Fig. 3 shows the minimum CO concentration in the exhaust gas achieved by 
each of the above-mentioned catalysts when the CO concentration in the exhaust gas was 
measured with the incoming gas temperature sequentially increased as mentioned above. 
That is, the minimum CO concentration values (MIN CO cone.) in the exhaust gas were 
plotted as ordinates. The lower the minimum CO concentration, the better the catalytic 
performance of reducing the CO concentration. As shown in Fig. 3, the catalysts (2) and (3) 
having ferrierite and ZSM-5 as the carriers thereof, respectively, achieve lower minimum CO 
concentration values as compared with other catalysts. Thus, the results show that the 
catalysts (2) and (3) have superior ability to reduce the CO concentration in the supplied 
hydrogen-rich gas. 

[0057] Fig. 4 shows the relationship between the pore diameter of the carrier of 
each catalyst and the maximum CO reduction rate (MAX CO conv.) achieved by each 
catalyst. In this case, the CO reduction rate is represented as the molar ratio between "the 
content of CO changed to C0 2 through the carbon monoxide selective oxidizing reaction (this 
CO content is obtained from the CO content in the exhaust gas)" and "the content of CO 
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before the reaction (CO content in the test gas)". The greater the CO reduction rate, the 
better the catalytic performance of reducing the CO concentration. As mentioned above, the 
maximum CO reduction rate means the greatest CO reduction rate value obtained when the 
CO reduction rates are calculated after the CO concentration values in the exhaust gas are 
measured with the incoming gas temperature sequentially changed. As shown in Fig. 4, the 
catalysts (2) and (3) having ferrierite and ZSM-5 as the carriers thereof, respectively, achieve 
higher maximum CO reduction rates as compared with other catalysts. Thus, the results 
show that the catalysts (2) and (3) have superior ability to reduce the CO concentration in the 
supplied hydrogen-rich gas. 
(B) Examples 3 to 7: 

[0058] In Examples 3 through 7, in carbon monoxide selective oxidizing catalysts 
using ferrierite as carriers thereof, various types of transition metals were supported on the 
carriers in addition to Pt. In a catalyst in Example 3, iron (Fe) was supported on a ferrierite 
carrier together with Pt. In a catalyst in Example 4, nickel (Ni) was supported on a ferrierite 
carrier together with Pt. In a catalyst in Example 5, cobalt (Co) was supported on a ferrierite 
carrier together with Pt. In a catalyst in Example 6, manganese (Mn) was supported on a 
ferrierite carrier together with Pt. In a catalyst in Example 7, copper (Cu) was supported on a 
ferrierite carrier together with Pt. 

[0059] In the cases of the catalysts in Examples 3 through 7, steps SI 00 and SI 10 in 
the manufacturing process shown in Fig. 2 were performed to support Pt on the ferrierite 
carriers. Then, drying and calcination were performed on the carriers on which Pt was 
supported in steps SI 20 and SI 30. Further, the above-mentioned transition metal (one of Fe, 
Ni, Co, Mn, and Cu) was supported to obtain the catalyst. In other words, the ferrierite pellet, 
on which Pt was supported through the ion exchange method, was soaked in a solution 
containing salt of one of the transition metals of Fe, Ni, Co, Mn, and Cu, and was agitated 
therein so that the transition metal was further supported on the ferrierite pellet. Thereafter, 
the same drying and calcination processes as steps SI 20 and SI 30 were performed to 
complete each catalyst. The manufactured catalyst was packed in a reactor of a 
predetermined size in the same manner as in Examples 1 and 2. 

[0060] When the carbon monoxide selective oxidizing catalysts in these Examples 
were manufactured, the content of Pt supported on the carriers in the process corresponding 
to step SI 10 in the manufacturing process shown in Fig. 2 was 3% of the carrier weight. In 
addition, each of the above-mentioned transition metals was supported on the carrier so that 
the molar ratio of the supported Pt content to transition metal content was 3:1. 
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[0061] Figs. 5A to 5D and 6A to 6C show the results of the measurement on the CO 
reduction rate using these catalysts under the above-mentioned conditions A and B (test gas 
composition and space velocity). The incoming gas temperature was sequentially increased 
from the room temperature to 300° C, and the CO concentration in the exhaust gas 
corresponding to each of the incoming gas temperatures was measured. Thus, changes in the 
CO reduction rate according to changes in the incoming gas temperature were examined. 

[0062] Fig. 5 A shows the results in the case of using the catalyst in which iron (Fe) 
was supported on the ferrierite carrier together with Pt (Example 3). Fig. 5B shows the 
results in the case of using the catalyst in which nickel (Ni) was supported on the ferrierite 
carrier together with Pt (Example 4). Fig. 5C shows the results in the case of using the 
catalyst in which cobalt (Co) was supported on the ferrierite carrier (Example 5) together 
with Pt. Fig. 5D shows the results in the case of using the catalyst in which manganese (Mn) 
was supported on the ferrierite carrier together with Pt (Example 6). Fig. 6 A shows the 
results in the case of using the catalyst in which copper (Cu) was supported on the ferrierite 
carrier together with Pt (Example 7). Figs. 6B and 6C show the results in the cases of using 
the catalysts in Example 1 and Comparative Example 5, respectively. 

[0063] Referring to Fig. 6B, the catalyst in Example 1, in which only Pt was 
supported on the ferrierite carrier, achieved a higher maximum CO reduction rate as 
compared with the catalyst in Comparative Example 5 (Fig. 6C), in which Pt was supported 
on the aluminum oxide carrier. When the above-mentioned transition metals were further 
supported in addition to Pt, the catalysts achieved even better maximum CO reduction rates 
than those in which only Pt was supported as shown in Figs. 5A to 5D and 6A. In addition, 
the range of incoming gas temperatures in which high CO reduction rates could be obtained 
was expanded as compared with Example 1 . The effect was that the range of incoming gas 
temperatures in which high CO reduction rates could be obtained was expanded toward the 
lower temperature side. 
(C) Examples 8 to 11: 

[0064] In Examples 8 through 1 1, the content of Fe supported on the carrier 
together with Pt was changed. Fig. 7A shows the results in the case where the above- 
mentioned catalyst in Example 1 (Fig. 6B) was used and the molar ratio of Pt to Fe in 
Example 1 was 3 : 0 (no Fe). Fig. 7B shows the results in the case where the catalyst in 
Example 8 was used, and the molar ratio of Pt to Fe was 3 : 0.2 (the molar ratio value 
between Pt and Fe is 15). Fig. 7C shows the results in the case where the catalyst in Example 
9 was used, and the molar ratio of Pt to Fe was 3 : 0.5 (the molar ratio value between Pt and 
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Fe is 6). Fig. 8A shows the results in the case where the catalyst in Example 10 was used, 
and the molar ratio of Pt to Fe was 3 : 1.0 (the molar ratio value between Pt and Fe is 3). Fig. 
8B shows the results in the case where the catalyst in Example 1 1 was used, and the molar 
ratio of Pt to Fe was 3 : 2.0 (the molar ratio value between Pt and Fe is 1.5). The catalyst in 
Example 10 shown in Fig. 8A is the same as that in Example 3 shown in Fig. 5A. In 
addition, the catalyst shown in Fig. 8C is the same as that in Comparative Example 5 shown 
in Fig. 6C. 

[0065] In Examples 8 through 1 1, the catalysts were manufactured using the same 
procedures as in Example 3. Further, when the transition metal Fe was supported on the 
ferrierite pellet on which Pt had been supported, the Fe content was changed. The 
manufactured catalysts were packed in reactors of a predetermined size in the same manner 
as in Examples 1 through 7 described earlier. The content of Pt supported on the ferrierite 
carrier was 3 % of the carrier weight as in the Examples described earlier. 

[0066] For each of these catalysts, the CO reduction rate was measured under the 
above-mentioned conditions A and B (test gas composition and space velocity). Figs. 7 A to 
7C, and 8A to 8C show changes in the CO reduction rate according to changes in the 
incoming gas temperature when the incoming gas temperature was sequentially increased 
from the room temperature up to 300° C and the CO concentration in the exhaust gas 
corresponding to each of the incoming gas temperatures was measured. 

[0067] Fig. 9 shows the relationship between the CO reduction rate and the Fe 
content when the incoming gas temperature was 130°C in Figs. 7 A to 7C and 8A to 8C. Note 
that a point at which the molar ratio of Pt to Fe was 3 : 0.75 (the molar ratio value between Pt 
and Fe was 4) and a point at which the molar ratio of Pt to Fe was 3 : 2.5 (the molar ratio 
value between Pt and Fe was 1.2) are added in Fig. 9. 

[0068] As shown in Figs. 7 A to 7C and 8 A to 8C, supporting Fe in addition to Pt 
increased the maximum carbon monoxide reduction rate. When the Fe content exceeded 0.2, 
the range of incoming gas temperatures in which high CO reduction rates could be obtained 
was expanded toward the lower temperature side. Particularly, when the molar ratio of Pt to 
Fe was from 3 : 0.5 (the molar ratio value between Pt and Fe was 6) to 3 : 2.0 (the molar ratio 
value between Pt and Fe was 1 .5), the catalysts achieved extremely high carbon monoxide 
reduction rates in a range of incoming gas temperatures from 100 to 200° C, as compared with 
the carbon monoxide selective oxidizing catalysts in Comparative Example 5 and Examples 1 
and 8. In addition, as shown in Fig. 9, the highest carbon monoxide reduction rate was 
achieved when the molar ratio of Pt to Fe was from 3 : 0.5 (the molar ratio value between Pt 
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and Fe was 6) to 3 ; L0 (the molar ratio value between Pt and Fe was 3), especially when the 
ratio was about 3 : 0.75 (the molar ratio value between Pt and Fe was 4) in the case where the 
incoming gas temperature was 130° C. 

(D) Example 12: 

[0069] In Example 12, the conditions for the reduction processing were changed 
when the carbon monoxide selective oxidizing catalyst, in which Fe was supported in 
addition to Pt, was manufactured. The catalysts in Example 12 were manufactured in the 
same manner as in Example 3. That is, Pt equivalent to 3 % of the carrier weight was 
supported on a ferrierite pellet. Further, Fe was additionally supported such that the molar 
ratio of Pt to Fe was 3 : 0.75. The reduction processing was performed on each catalyst in a 
hydrogen stream for 2 hours at a different temperature. The manufactured catalysts were 
packed in reactors of a predetermined size as in the other Examples mentioned earlier. 

[0070] A catalyst in Example 12-1 shown in Fig. 10A was not subjected to any 
reduction processing; a catalyst in Example 12-2 shown in Fig. 10B was subjected to a 
reduction processing at 300° C; a catalyst in Example 12-3 shown in Fig. 10C was subjected 
to a reduction processing at 350° C; a catalyst in Example 12-4 shown in Fig. 10D was 
subjected to a reduction processing at 400° C; a catalyst in Example 12-5 shown in Fig. 1 1 A 
was subjected to a reduction processing at 450° C; a catalyst in Example 12-6 shown in 
Fig. 1 IB was subjected to a reduction processing at 500° C; and a catalyst in Example 12-7 
shown in Fig. 1 1C was subjected to a reduction processing at 600° C. The catalyst shown in 
Fig. 1 ID is the same as that in Comparative Example 5 shown in Fig. 6C. 

[0071] For each of these catalysts, the incoming gas temperature was sequentially 
increased from the room temperature to 300° C, and the CO concentration in the exhaust gas 
corresponding to each of the incoming gas temperatures was measured under the above- 
mentioned conditions A and B (test gas composition and space velocity). As shown in 
Figs. 10A to 10D and 1 1 A to 1 ID, the range of incoming gas temperatures in which the 
carbon monoxide concentration could be reduced more sufficiently was expanded toward the 
lower temperature side. 

[0072] Fig. 12 is based on the results shown in Figs. 10A to 10D and 1 1 A to 1 ID, 
and shows the relationship between the reduction temperature and the CO concentration in 
the exhaust gas when the incoming gas temperature was 1 10°C. As shown in Fig. 12, the 
carbon monoxide concentration in the exhaust gas was particularly low when the reduction 
temperature was lower than 400° C. 

(E) Example 13: 
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[0073] In Example 13, the carbon monoxide reduction rate was examined when 
changing the ratio between "the content of carbon monoxide in the hydrogen-rich gas whose 
carbon monoxide concentration is to be reduced" and "the content of oxygen used in the 
carbon monoxide selective oxidizing reaction". The catalyst in Example 13 was formed 
using a ceramic honeycomb. On the ceramic honeycomb, a ferrierite carrier, Pt, and Fe were 
supported. 

[0074] The carbon monoxide selective oxidizing catalyst in Example 13 was 
manufactured as follows. First, a ceramic honeycomb was coated with a slurry manufactured 
by adding a predetermined binder to ferrierite powder as the catalyst carrier, and was then 
calcined. The ceramic honeycomb coated with ferrierite was soaked in a solution containing 
Pt salt and a solution containing Fe salt in the same manner as in the examples described 
earlier so as to support Pt and Fe on the ferrierite, and was subjected to calcination and 
reduction processing. The carbon monoxide selective oxidizing catalyst in Comparative 
Example 6 was manufactured in the same manner as in Example 13, except that, instead of 
applying the ferrierite slurry, an aluminum oxide slurry was applied to the ceramic 
honeycomb as the catalyst carrier and only Pt was supported on the applied aluminum oxide. 

[0075] In the cases of the carbon monoxide selective oxidizing catalyst in Example 
13 and the carbon monoxide selective oxidizing catalyst in Comparative Example 6, the 
carrier was applied to the ceramic honeycomb. The content of the carrier was 120 grams per 
1 liter of ceramic honeycomb volume. The content of supported Pt was 3 % of the carrier 
weight. The content of Fe supported in the carbon monoxide selective oxidizing catalyst in 
Example 13 was set such that the molar ratio of Pt to Fe was 3:1. 

[0076] Fig. 13 shows the results of measurement on the carbon monoxide 
concentration in the exhaust gas when the molar ratio value between oxygen atoms and 
carbon monoxide molecules ([0]/[CO]) in the supplied hydrogen-rich gas (test gas) was 
changed to 1,2, and 3, in the case where the carbon monoxide concentration in the hydrogen- 
rich gas was reduced using the carbon monoxide selective oxidizing catalyst in Example 13 
and the carbon monoxide selective oxidizing catalyst in Comparative Example 6. 
Measurement conditions are as follows. 

[0077] Condition C. Test gas composition: 

CO = 0.5 %,C0 2 = 25 %; 

Oxygen content (molar ratio) [0]/[CO] = 3, 2, 1; 

H 2 balance (the remainder in the above gas composition was hydrogen). 

[0078] Condition D. Space velocity SV = 22,000h _1 . 
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[0079] As shown in Fig. 13. in the case where the carbon monoxide selective 
oxidizing catalyst in Example 13 was used, the carbon monoxide concentration in the exhaust 
gas could be reduced to 100 ppm or lower at all times when the molar ratio value between 
oxygen atom and carbon monoxide molecule was in the above-mentioned range. That is, 
5 under the conditions mentioned above, a carbon monoxide reduction rate of 98 % or higher 
was achieved. On the other hand, in the case where the carbon monoxide selective oxidizing 
catalyst in Comparative Example 6 was used, when the molar ratio value between oxygen 
and carbon monoxide was 2 or 3, the carbon monoxide concentration in the exhaust gas was 
about 500 ppm and the carbon monoxide reduction rate was about 90% . When the molar 
10 ratio value between oxygen atom and carbon monoxide molecule was 1, the carbon monoxide 
concentration in the exhaust gas was about 2300 ppm and the carbon monoxide reduction rate 
O was about 54%. 

w 

jjp [0080] While the invention has been described with reference to preferred 

S embodiments thereof, it is to be understood that the invention is not limited to the preferred 

CP 15 embodiments or constructions. To the contrary, the invention is intended to cover various 

q modifications and equivalent arrangements. In addition, while the various elements of the 

5* preferred embodiments are shown in various combinations and configurations, which are 

$ exemplary, other combinations and configurations, including more, less or only a single 

pi element, are also within the spirit and scope of the invention. 
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